Introduction
============

The rapid economic growth and westernized diet of Korea have triggered energy overconsumption \[[@B1]\], whereas the convenient modern lifestyle has led to the lack of exercise to increase metabolic syndromes, such as hypertension, diabetes and dyslipidemia \[[@B2],[@B3]\]. Wilson et al. \[[@B4]\] defined metabolic syndrome as metabolic disorders that increase the risk of chronic diseases in which hypertension, hyperglycemia, dyslipidemia and abdominal obesity are simultaneously generated and progressed. Metablic syndromes are viewed as diseases that can be prevented by managing risk factors including obesity, drinking, smoking and wrong dietary habits to raise the importance of managing chronic illnesses and providing medical service \[[@B5]\].

The National Health Promotion Act enacted in 1995 regulates the nation and local autonomous entities to actively promote the regional society health project for improving the health of the public. This act has promoted the activation of health projects. As a part of the health project, nutrition education and consulting programs help subjects with nutritional issues to analyze their own dietary habits, learn proper living habits and solve problems. In particular, nutrition education provided in the workplace is especially beneficial to office workers that are unable to visit the hospital due to their work schedule. In the welfare aspect, it can also boost the work ambition of workers \[[@B6]\].

According to the study conducted by Lee & Suh \[[@B7]\], office workers began to become more interested in health as the society began to place greater emphasis on individual engagement and responsibility for health in relation to the increase in chronic diseases. However, due to various environmental factors, such as irregular work time, poor dietary habits, low nutrition knowledge, stress due to overwork and lack of health management efforts, chronic illnesses can be easily progressed among office workers. In fact, among chronic diseases, the prevalence rate of dyslipidemia is continuously increasing among men aged 30 and higher \[[@B8]\]. In particular, low HDL-cholesterolemia was increased from 22.8% in 1998 to 47.6% in 2007, thus presenting a 25.4% increase in 10 years (Ministry for Health, Welfare and Family Affairs & Korea Centers for Disease Control and Prevention, 2008). However, the opportunity of nutrition education, an essential factor in preventing and treating such diseases, remains insufficient \[[@B9]\].

According to precedent studies conducted on workers, providing a fixed period of nutrition education improved the dietary habits and lifestyles of subjects and positively influenced the clinical standard, thus reporting that significant effects can be acquired by implementing nutrition education in work places that provide at least one meal a day \[[@B10],[@B11]\]. In a study conducted on office workers, Lee et al. \[[@B11]\] reported that providing a fixed period of nutrition education produced positive effects in reducing the weight and obesity of subjects, enhancing healthy behaviors and improving clinical standards \[[@B11]-[@B15]\]. In particular, by developing, systemizing and implementing an appropriate nutrition education program for workers according to workplace characteristics, the health conditions and the work morale of employees will be boosted increasing the pride for the company and productivity and reducing of national medical expenses. Furthermore, if the education content can be appropriately delivered to households, the nutrition education program implemented in the workplace after health check-up can also contribute to the improvement of domestic dietary life \[[@B16]\]. Thus, it is stipulated that providing an appropriate nutrition management education related with diseases and implementing continuous nutritional care and education through clinical nutritionists are not only essential for improving the health of office workers, enhancing company welfare and reducing medical costs, important for work efficacy. Furthermore, the role of the clinical nutritionist is to coach the subjects to independently find answers to change their dietary behaviors and maintain such changes in their dietary behaviors.

According to the results of the 2007 National Health Promotion Act, the obesity rate of Korean adults is gradually increasing from 30.6% in 2001, 31.5% in 2005 and 31.7% in 2007, along with the increased prevalence rate of obesity-related diseases. In case of metabolic syndromes, the prevalence rate of men have continuously increased from 20.8% to 32.9% after 1998 \[[@B17]\]. Furthermore, the study conducted by Bae et al. \[[@B18]\] on the changes in the obesity prevalence rate for 10 years (1997-2007) indicated that the obesity rate of men aged between 30-39 was increased 11.2% in a decade, from 20.7% in 1997 to 31.8% in 2007, whereas the obesity rate of men aged between 40-49 was increased 9.2%, from 25.6% in 1997 to 34.8% in 2007. The study also reported that it is necessary to evaluate and intervene dietary habits and health-related behaviors in order to reduce the obesity trend.

Hereupon, this study carried out health examination on male office workers with higher risk of having metabolic syndrome and classified subjects with abnormal findings (hypertension, diabetes, dyslipidemia, abnormal liver function indices). This study implemented the workplace-visiting nutrition education program based on the self-directed coaching method for changing poor dietary habits to proper dietary behaviors and attempted to analyze the effectiveness of the program.

Materials and Methods
=====================

Subjects and period
-------------------

This study selected subjects with abnormal laboratory findings (hypertension, diabetes, dyslipidemia, abnormal liver function indices) among employees of L Company that received health examination and comprehensive medical checkup implemented by the National Health Insurance Workplace-visiting nutrition eduction program was implemented from June to September 2011. A total of 75 male office workers were included to evaluate the effectiveness of nutrition education. Subjects with abnormal findings related with metabolic syndromes were classified into the metabolic syndrome group if there were relevant to at least 3 out of 5 items in the NCEP ATPIII (Executive Summary of the Third Report of The National Cholesterol Education Program, 2001). The standards are as follows.

Fasting blood sugar ≥110 mg/dLWaist circumference \>90 cm (Men)Blood pressure ≥130/85 mmHgTriglycerides ≥150 mg/dLHDL-cholesterol \<40 mg/dL (Men)

Survey content and method
-------------------------

This study was conducted in a process consisting of basic survey, consulting of examination results, nutrition education and assessment. In the basic survey, the general information, physical measurement, meal journal, life styles, clinical and biochemical parameters were obtained. Nutrition education was conducted in a self-directed coaching method according to metabolic syndrome types based on examination results. Afterward, the final examination and assessment were carried out.

### Anthropometric and biochemical measurements

Age and anthropometric measures including height (HT), weight (WT), waist circumference (WC) were obtained and body mass index was calculated. Subjects were asked to record the meal journal written based on the food intake survey chart of the 2009 Korean National Health and Nutrition Examination Survey developed by using the 24-hour recall method. The regularity of meals, drinking and smoking habits were asked. Systolic blood pressure (SBP), diastolic blood pressure (DBP), and fasting blood sugar (FBS) were measured. Serum glutamic oxalacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT) and r-GTP (Gamma-glutamyl transpeptidase) were analyzed. As measures of liver function test. total cholesterol (TC), triglycerides (TG), high density lipoprotein cholesterol (HDLc), low density lipoprotein cholesterol (LDLc) were determined before and after the nutrition education.

### Nutrition education program

Dietary habits were analyzed using the nutrition consulting program. Based on the dietary habits of study subjects, the clinical nutritionist implemented meal therapy consulting. Afterward, clinical nutritionists visited the workplace to provide nutrition assessment and education to observe the progress of subjects every month. Nutrition analysis program CAN-Pro version 3.0 (computer aided nutritional analysis program, Korean Nutrition Society, 2005) was used to analyze the nutrient intake. Based on nutritional intake data and clinical measures including blood pressure, blood lipids and blood glucose, nutrition consulting was conducted. Each educational session was carried out for 20 minutes and subjects received consulting 2 times on average. For educational tools, this study used the self-developed nutrition education leaflet.

### Life style and nutrient intake analyses

To analyze life styles, this study asked subjects to fill out questionnaires based on the medical examination chart provided by the National Health Insurance during health check-up. The regularity of meals, drinking and smoking habits of subjects were included in the questionnaire. We used the CAN-Pro version 3.0 to analyze the average daily nutrient intake based on the meal journals recorded during the first examination.

Statistical analysis
--------------------

This study used SPSS Statistic 18 (Statistical Package for the Social Sciences, SPSS Inc., Chicago, IL, USA) for statistical processing. This study used descriptive statistics of mean and standard deviation to analyze general characteristics, the non-parametric wilcoxon signed ranked test of the paired t-test was used to analyze clinical and biochemical measurements including blood pressure, blood lipids, blood glucose, and liver function indicators. This study classified body mass index (BMI) according to normal weight (BMI \< 23.0 kg/m^2^), overweight (23.0 ≤ BMI \< 25.0 kg/m^2^) and obese (BMI ≥ 25.0 kg/m^2^) and used the non-sequential variable with the non-parametric method for analysis. Spearman\'s correlation was used to verify factors that influence clinical indicators related with metabolic syndrome in the significance level of p \< 0.05.

Results
=======

General characteristics and anthropometric measurement
------------------------------------------------------

The general characteristics of research subjects are presented in [Table 1](#T1){ref-type="table"}. All subjects were male and the average age was analyzed to be 41. The height was measured as 172.2 cm. The weight was reduced from 76.2 kg to 75.6 kg after nutrition education. The body mass index was significantly reduced from 25.7 kg/m^2^ to 25.4 kg/m^2^ after nutrition education (p \< 0.05). The waist circumference of subjects was reduced from 88.4 cm to 87.1 cm after nutrition education, which was lower than the 90 cm, the diagnostic standard component of metabolic syndrome as established by NCEP ATPIII (Executive Summary of the Third Report of The National Cholesterol Education Program, 2001).

Characteristics of life style
-----------------------------

The life study of study subjects are presented in [Table 2](#T2){ref-type="table"}. The proportion of study subjects having 3 meals a day with regularity was 59.6%, whereas the remaining 40.4% answered that they did not regularly eat 3 meals a day. Regular drinkers were 86.3% of the study subjects and only 13.7% did not drink at all. Smokers were 51.9% of the subjects whereas 48.1% were non-smokers.

Changes in blood pressure before and after nutrition education
--------------------------------------------------------------

The changes in blood pressure before and after nutrition education are presented in [Table 3](#T3){ref-type="table"}. The systolic blood pressure was reduced from 120.0 mmHg to 117.8 mmHg after nutrition education. The diastolic blood pressure was also reduced from 79.1 mmHg to 77.0 mmHg after nutrition education, however, no significant difference was found.

Changes in fasting blood sugar before and after nutrition education
-------------------------------------------------------------------

The changes in fasting blood sugar, the diabetes indicator, before and after nutrition education, were presented in [Table 4](#T4){ref-type="table"}. Fasting blood sugar was significantly reduced from 100.5 mg/dl to 97.0 mg/dL after nutrition education (p \< 0.01). This shows that the workplace-visiting nutrition education of hospital clinical nutritionists is effective in reducing the blood sugar of subjects with impaired fasting blood sugar.

Changes in serum lipid before and after nutrition education
-----------------------------------------------------------

The changes in serum lipid, the indicator for dyslipidemia, before and after nutrition education are presented in [Table 5](#T5){ref-type="table"}. The total cholesterol was significantly reduced from 211.3 mg/dL to 204.4 mg/dL (p \< 0.05), whereas triglycerides was reduced from 216.6 mg/dL to 204.0 mg/dL after nutrition education without showing a significant difference. High density lipoprotein cholesterol was similar before and after nutrition education, whereas low density lipoprotein cholesterol was significantly reduced from 131.1 mg/dL to 123.6 mg/dL after nutrition education (p \< 0.05).

Changes in liver function indicators before and after nutrition education
-------------------------------------------------------------------------

The changes in liver function indicators of subjects are presented in [Table 6](#T6){ref-type="table"}. As indicators for liver function, serum glutamic oxalacetic transaminase, serum glutamic pyruvic transaminase and r-GTP were reduced after nutrition education, but did not present significant difference.

Nutrient intake analysis
------------------------

The nutrient intake of study subjects is presented in [Table 7](#T7){ref-type="table"}. The meal intake survey presented that subjects consumed 2,160 kcal on average, which is 90% of the nutrient intake standards for men aged between 30-49. Subjects consumed 321.3 g of carbohydrate (60% of total calories) and 79.7 g of protein (15% of total calories), consisting of 57% animal protein and 43% of plant protein. The average fat consumption was 61.8 g, which is 26% of total calories, thus presenting that subjects ingested 15-25% more than the nutrient intake standard of Koreans. Subjects consumed 312.9 mg of cholesterol, which exceeded the 200 mg, the recommended quantitiy for dyslipidemia patients, and 15.6 g of dietary fiber per day, which was 25 g less than the daily nutrient intake standard for Koreans. Thus, the nutrition education placed emphasis on the increased intake of vegetables (especially seaweed) for dietary fiber intake. Dyslipidemia patients were educated to increase the intake of vegetables and fruits especially to increase the consumption of water-soluble dietary fiber. Subjects consumed 900.7 µg RE of vitamin A, which exceeds the recommended intake for men aged between 30-49 (750 µg RE). The intake of vitamins B~1~, B~2~, E met the nutrient intake standards of Koreans. However, subjects consumed 63.2 mg of vitamins C, which is less than the recommended intake quantity of men aged between 30-49 (100 mg). This is stipulated to be related with the low dietary fiber intake. Study subjects consumed appropriate level of calorie/protein, higher level of fat/cholesterol and lower level of dietary fiber.

Correlation of factors that influence clinical indicators related with metabolic syndrome after nutrition education
-------------------------------------------------------------------------------------------------------------------

The factors that influence clinical indicators related with metabolic syndrome after nutrition education are presented in [Table 8](#T8){ref-type="table"}. Results showed that systolic blood pressure presented a significantly positive correlation with weight (p \< 0.05), whereas diastolic blood pressure presented a significantly positive correlation with r-GTP (p \< 0.05). Fasting blood sugar presented a significantly positive correlation with weight (p \< 0.05) and body mass index (p \< 0.05). As a clinical indicator for dyslipidemia, total cholesterol presented a significantly positive correlation with triglycerides (p \< 0.05). Triglycerides presented a significantly positive correlation with body mass index (p\<0.01), serum glutamic pyruvic transaminase (p\<0.05), and r-GTP (p \< 0.01). On the other hand, blood total cholesterol showed significantly negative correlation with high density lipoprotein cholesterol (p \< 0.05). High density lipoprotein cholesterol presented a significantly negative correlation with weight (p \< 0.05). As an indicator for liver function, serum glutamic pyruvic transaminase presented a significantly positive correlation with weight (p \< 0.01) and body mass index (p \< 0.05) whereas r-GTP also presented a significantly positive correlation with weight (p \< 0.01) and body mass index (p \< 0.05). These results show that among subjects with one or more of metabolic syndrome criteria, it is important to provide specified nutrition education based on risk factors related to clinical and biochemical parameters.

Discussion
==========

Office workers frequently drink, dine out, miss breakfast, lack exercise and experience nutritional imbalance. The life style is formed based on such experiences cause chronic degenerative diseases including metabolic syndrome and cardiovascular diseases. during middle and old age. Nutrition education helps subjects to correct life styles to lower metabolic syndromes. Hereupon, among subjects that presented abnormal clinical findings in the health examination and comprehensive medical checkup implemented by the National Health Insurance, the workplace-visiting nutrition eduction was implemented for 75 male office workers, and the effectiveness was analyzed. We used self-directed coaching method based on metabolic syndrome components that each study subjects possess.

By analyzing the changes in anthropometric measurement, clinical and biochemical measurement before and after the 4-month nutrition education program, it is concluded that the body mass index (p \< 0.05), fasting blood sugar (p \< 0.01), total cholesterol (p \< 0.05) and low density lipoprotein cholesterol (p \< 0.05) were significantly reduced. The significant decrease in fasting blood sugar (p \< 0.01) was similar to the study of Kim \[[@B19]\], which emphasized the significance of nutrition education and exercise in regulating blood sugar of diabetes patients. Decreases in serum lipid and total cholesterol is viewed as the effect produced by weight loss which is accomplished by nutrition education. The study conducted by Briley et al. \[[@B20]\] also indicated the decrease in weight and total cholesterol after nutrition education, and the study conducted by Epstein et al. \[[@B21]\] and Choi \[[@B22]\] also reported that weight loss can reduce total blood cholesterol and triglycerides concentration. Summer et al. \[[@B23]\] reported that the nutrition education provided for office workers was effective in reducing the weight and cholesterol standard of subjects. Low density lipoprotein cholesterol was also significantly reduced after nutrition education (p \< 0.05), which is viewed to be related with weight loss.

The nutrient intake of subjects was presented as follows: calories 2160 kcal, carbohydrate 321.3 g, protein 79.7 g, fat 61.8 g. The ratio of carbohydrate, protein and fat to total calories was presented as 60%:15%:26%, respectively. When compared with the nutrient intake standard of Koreans (55-70%:7-20%:15-25%), subjects presented a higher fat ratio. Hunink et al. \[[@B24]\] reported that the increase in total fat intake increased the synthesis of chylomicron and very low density lipoprotein (VLDL) to increase the concentration of blood triglycerides and cholesterol. Subjects ingested 312.9 mg of total cholesterol, which is higher than the recommended intake for dyslipidemia patients (200 mg). The 2001 NCEP (National Cholesterol Education Program) reported that increased cholesterol intake in meals presented increased concentration of total cholesterol and low density lipoprotein cholesterol \[[@B25]\]. As results showed that subjects ingested 15.6 g of dietary fiber per day, which was 25 g less than the daily nutrient intake standard for Koreans \[[@B26]\], education to increase the intake of dietary fiber was also carried out during the nutrition education. The results of factor analysis, which influence clinical indicators related with metabolic syndrome after needs of providing, raise the needs of providing education on weight loss for subjecits with metabolic disorders.

However, the subjects of this study experienced difficulties in writing the meal journal during the basic survey. Requesting male office workers who possess low knowledge of food to write time-consuming meal journals can reduce the participation rate. In this regard, it is urgent to develop a program in consideration of the unique characteristics of subjects to help subjects to write easily and to view results immediately. Furthermore, to efficiently implement nutrition education to a large number of subjects in a fixed period of time, it is necessary to develop various nutrition education and assessment programs of outstanding quality and content to help subjects take interest and stay motivated. In addition, as the 4-month nutrition education effectively reduced body mass index, fasting blood sugar, total cholesterol and low density lipoprotein cholesterol, the nutrition education was verified to be effective in that experienced clinical nutritionists actively encouraged subjects through the self-directed coaching method. Thus, it can be stipulated that a customized nutrition education program must be implemented to reduce medical costs, improve work efficiency and enhance quality of life in the long run through enhanced health of subjects.

Conclusion
==========

The results of this study verified that the visiting nutrition education provided to male workers through the individual-based, self-directed was effective in reducing body mass index and improving clinical quality index. In Korea, nutrition education and consulting have been mostly provided in hospitals. However, when considering the fact that the health of workplace workers, which compose a very large group, is directly connected with their work efficiency, it is important to achieve nutrition management through systematic education or consulting. Such nutrition education and consulting programs can be efficiently implemented by nutritionists within the workplace and thus requires the development of a program suitable for the workplace and the regular implementation of the program. However, as professional clinical nutritionists are absent in most work places, it is possible to consider the method of connecting hospitals with health check-up programs of work places. As health care professionals, nutritionists will actively contribute to the improvement of national health.

###### 

General characteristic and anthropometric parameters of subjects before and after nutrition education^\*^
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BMI: body mass index, WC: waist circumference.

^\*^Values are presented as mean ± SD or N (%); ^†^Significantly different at a p \< 0.05.
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Life style and dietary habits^\*^
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^\*^Values are presented as N (%).
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Changes in blood pressure before and after nutrition education^\*^
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SBP: systolic blood pressure, DBP: diastolic blood pressure.

^\*^Values are presented as mean ± SD.
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Changes in blood glucose concentration before and after nutrition education^\*^
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FBS: fasting blood sugar.

^\*^Values are presented as mean ± SD; ^†^Significantly different at a p \< 0.01.
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Changes in serum lipid profile before and after nutrition education^\*^
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TC: total cholesterol, TG: triglycerides, HDLc: high density lipoprotein cholesterol, LDLc: low density lipoprotein cholesterol.

^\*^Values are presented as mean ± SD; ^†^Significantly different at a p\<0.05.

###### 

Changes in liver function indicators before and after nutrition education^\*^
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SGOT: serum glutamic oxaloacetic transaminase, SGPT: serum glutamic pyruvic transaminase, r-GTP: r-glutamyl transpeptidase.

^\*^Values are presented as mean ± SD.
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Average daily nutrients intake^\*^

![](cnr-1-49-i007)

CHO: carbohydrates.

^\*^Values are presented as mean ± SD or N (%).

###### 

Correlation coefficient between clinical indicators and WT, r-GTP, BMI, TG, HDLc, SGPT after nutrition education^\*^
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SBP: systolic blood pressure, DBP: diastolic blood pressure, WT: weight, r-GTP: r-glutamyl transpeptidase, FBS: fasting blood sugar, BMI: body mass index, TC: total cholesterol, TG: triglycerides, HDLc: high density lipoprotein cholesterol, SGPT: serum glutamic pyruvic transaminase.

^\*^Analyzed with Spearman\'s correlation coefficient.
